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referred to as “blacks”) (Omura et al. 1955). Today, slate-grays are common
around Japan, but blacks are rare, and no detailed morphological examinations
have been conducted, because no skeletal or complete body specimens have been
available. Recently, however, we found black specimens in our archived specimens
of stranded whales around Hokkaido, providing an opportunity to compare the
blacks and slate-grays to determine if they are from separate stocks.
Molecular phylogenetic analysis offers a powerful tool to accurately identify

beaked whales (Dalebout et al. 1998). In fact, many regions of mitochondrial
and nuclear DNA have been used to resolve relationships among ziphiid species
(Dalebout et al. 1998, 2004).
In the present study, black and slate-gray specimens of B. bairdii were exam-

ined, and their systematic relationships with the currently recognized ziphiid
species were analyzed based on nucleotide sequences of the first intron of nuclear
a-2-actin gene (nuDNA ACTA2I) and mitochondrial DNA control region
(mtDNA CR). Genetic divergence between the two groups also was examined
with both DNA markers.
A total of 67 archived samples of B. bairdii (see Fig. 1 for their localities),

including 58 ethanol-fixed tissue samples, 6 dried-bone samples, and 3 with
DNA sequences retrieved from GenBank (only for mtDNA CR) were used (see
Table S1). Tissue and bone samples were obtained from stranded animals
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Figure 1. Sampling locations of Baird’s beaked whale around Japan. Closed circles for
the slate-grays and open circles for the blacks. See Table S1 for detailed site name and
the number of individuals at each site.
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blacks. On the other hand, 18 variable sites were seen with 15 transitions, 1
transversion, and 2 gaps when compared the sequences of the slate-grays and
blacks (Table 1). BbaH1 was the most abundant haplotype in each sampling

Figure 4. Maximum Likelihood phylogenetic tree of 59 taxa from 21 species in the
family Ziphiidae constructed using mtDNA CR sequences. Bootstrap values (1,000 repli-
cates) greater than 50% are shown on the nodes of branches. Numbers after scientific
name show haplotype numbers. The haplotypes of B. bairdii 1 to B. bairdii 7, B. sp. 1 to
B. sp. 3, and B. arnuxii 1 to B. arnuxii 2 in the tree correspond to BbaH1 to BbaH7,
BspH1 to BspH2, and BarH1 to BarH2 in the text, respectively. See Figure 2 for genus
abbreviations.
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Arnoux’s	



“Black” form	



“Gray” form	


(Baird’s)	





Expanding the search	



•  46 sequenced from SWFSC collection 	


•  Collaborator contributions/published	



•  13 Commander Island (Olga Filatova et al, sequenced by Jean-Luc Jung)	


•  49 Japan market samples (Scott Baker/Merel Dalebout)	



•  64 Japan samples from Kitamura et al. 2013	



•  New stranding on St. George Is., Pribilofs, June 2014	


•  LACM sample, 1993 (small adult, Bering Sea)	



•  NMNH skull, 1948 (ID by T. Yamada as possible black form)	



•   175 samples total	
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432bp haplotype network	





Subspecies or species?	


•  Black form is more different from the two recognized species 

than they are from each other	



•  Genetic divergence measures are similar to what is found in 
other recognized species (Rosel et al. submitted)	



•  Range-wide divergence across the North Pacific (not clinal)	





Killer whale global phylogeography	
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Genetics: mtDNA control region	



LeDuc et al. 2008	



•  Hoezel 2002, LeDuc et al. 2008	



•  Little global structure, but some 
structure among Antarctic ecotypes	



•  Inferred recent bottleneck and 
stochastic lineage sorting into high 
latitude populations.	





Sampling global diversity: ���
452 complete mitochondrial genomes	
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Morin et al. 2015	

Morin et al. 2010	



LeDuc et al. 2008	



mtDNA control region	

 Mitogenome, ecotypes	

 Mitogenome, global	





Implications	


•  Strong evidence of genetic isolation between sympatric 

ecotypes	



•  Recent, complex global radiation	



•  Global perspective and genomic data shed light on 
regional patterns relevant to management	



•  Still recognized only as single, global species with 2 
unnamed subspecies; taxonomy in need of revision	




